methonium. It elevated the IOP in only 3 of their series of 30 patients. In view of the findings that the muscle tension was still elevated at twenty minutes there seems to be little advantage for its use. Carballo (1965) has used acetazolamide to prevent the rise in IOP after suxamethonium but the rise even in the control series had returned to normal within five minutes and its use seems hardly necessary.
We failed to prevent the rise in tension of the extraocular muscles induced by suxamethonium by the prior administration of tubocurarine; the intensity and duration were unaffected and its use is unnecessary. There was a slight fall in IOP, which may be related to the fall of blood pressure that occurs when tubocurarine is given in the presence of halothane. Eakins & Katz (1966) have proposed an adrenergic mechanism in the response to suxamethonium of the extraocular muscle in the cat. With a beta adrenergic blocking agent they reduced the response to the relaxant though larger doses sometimes increased the effect; the dose used was 2-5-10 mg/kg which is far in excess of that used in clinical practice. We gave 2 mg to a man weighing 140 lb (64 kg) with a resultant drop in blood pressure to 70-75 mmHg. The effect on muscle tension induced by suxamethonium was unmodified. There was an initial slight fall in IOP which fell more as the relaxant wore off: this fall appears to have been related to the fall in blood pressure and it only rose again when the latter was restored to 120 mmHg with the aid of methylamphetamine. IOP has been shown to depend on the level of blood pressure by and Adams & Barnett (1966) .
With modern improvements in ophthalmic technique in cataract extraction and the use of sutures, the demands on anesthesia have probably been overstated. Straining with the open eye is still a tragedy but in the post-operative period it does not appear to influence the outcome unless it is violent and prolonged. We have shown, during studies on squint operations, that when straining was deliberately induced there was a rise in blood pressure and IOP but the duration was short. Furthermore it has been shown that straining, coughing and sighing occur in the normal resting subject and are not the prerogative of the ophthalmic patient subjected to endotracheal anaesthesia.
Dr I R Verner (The Middlesex Hospital, London) General Anaesthesia for Ophthalmic Surgery?
A tranquil field with controlled intraocular pressure is required both during and after ophthalmic surgery. As yet, we are uncertain how to attain these conditions invariably, for only recently has research begun to show interactions between the general physiology and the eye. In addition to our incomplete understanding of this interplay we have inherited dogma and shibboleths from the past and, as a result, we may submit our patients to painful or frightening experiences in the name of ophthalmic anlesthesia. Local anaesthesia, local anesthesia combined with sedation and general anesthesia are all employed for eye surgery; since none of these is without objective disadvantage or hazard, it is arguable that the method we select should be that which gives the least subjective discomfort to the patient. Local anasthesia: This method can achieve superb results when employed by a meticulous and kindly surgeon. The most cogent objection to its use, retrobulbar hemorrhage, probably occurs in under 3 % of patients (Hill et al. 1963 ) but there is a greater frequency of discomfort associated with the technique. Infiltration anaesthesia is commonly painful, blockade is not always complete and it is difficult for many patients to remain still throughout surgery.
Local anaesthesia combined with sedation: This combination seems to offer an ideal middle path. The physiological effects of many techniques have been thoroughly investigated (Ingram & Davison 1961 , Nilsson & Janssen 1961 , Nilsson 1962 , Pbntinen & Miettinen 1964 , Pontinen et al. 1966 and found capable of producing objectively satisfying results. However, they may be time consuming and, especially with neuroleptanalgesia, the safety margins of the drugs employed are narrow and their dosage difficult to determine (Pontinen & Miettinen 1964) . Mismanaged, these techniques lead either to movement during surgery or to a deep mental dissociation akin to general anesthesia. Even with correct management, the sedative drugs commonly used may cause extrapyramidal imbalance or hallucinations in the patient. Moderate dosage ensures that extrapyramidal symptoms are rare but affords no protection against hallucinations. These can be so terrible that, on subjective grounds, patients may refuse all further surgery. This constitutes a serious criticism of the technique.
General anasthesia: This, too, has objective imperfections but modem drugs and methods enable it to be practical for eye surgery. From the patient's standpoint it has the overriding attribute of oblivion. In this country most people expect to be spared the terrors of the operating theatre and general anesthesia is the normal accompaniment of other forms of surgery. It is illogical to exclude ophthalmic patients.
If general anesthesia is chosen for eye surgery, the precise technique should be determined objectively. The major problems of ophthalmic anesthesia are restlessness (including vomiting) and the control of intraocular pressure. Good general anesthesia abolishes restlessness during operationand need not engender it postoperativelywhilst facilitating the control of ocular tension. Coughing and straining produce a sustained rise in intraocular tension and cannot be avoided with certainty either during or after endotracheal intubation (Conway et al. 1960) . A brief rise in global pressure may occur when suxamethonium is given to man (Adams & Barnett 1966) and, though this is not universally agreed to constitute a clinical danger, the use of suxamethonium is probably better avoided: particularly is this so when the anterior chamber is open. Moreover, if suxamethonium is not employed, post-operative muscle pains will not occur and patients receiving powerful anticholinesterase eye drops do not run the risk of a prolonged apnoea (Pantuck 1966 , Gestzes 1966 . More positively, a reduction in intraocular pressure may aid surgery; such a fall can frequently be produced by inducing arterial hypotension , Adams & Barnett 1966 . For these reasons it would seem that a suitable form of general anxsthesia for intraocular ophthalmic surgery would be one which shunned both suxamethonium and intubation and, at the same time could produce vascular hypotension when required. To this end, at the Middlesex Hospital we have returned to a simple technique of giving halothane to the unintubated patient. After premedication with standard drugs, anesthesia is induced with thiopentone, and a Guedel airway (previously lubricated with anxsthetic paste) is immediately introduced to the oropharynx. Nitrous oxide, oxygen and halothane are delivered to the airway through a semi-closed circuit and a Charles's airway attachment or Potter's piece. Gas leaks at the mouth and nostrils are obliterated with surgical strapping and satisfactory respiration ensured by manually supporting the patient's chin beneath the surgical towels. This simple technique is satisfactory to patient, surgeon, anesthetist and ward staff alike but can be criticized: doubts were often expressed about the adequacy of respiratory exchange in elderly unintubated patients during prolonged operations. Blood gas studies were therefore made to assess respiratory function in these circumstances.
Method: Twelve unselected patients were investigated; 6 underwent cataract extraction, 3 corneal grafting and 3 miscellaneous intraglobal procedures. Their ages ranged from 25 to 79 years. Intramuscular premedication consisted of perphenazine 2 5 mg two hours before operation, followed one hour later by either papaveretum 20 mg with hyoscine 0 4 mg or pethidine 100 mg and atropine 0-6 mg. Anesthesia was induced with thiopentone 150-300 mg and a Guedel airway, together with the attachments previously described, immediately introduced to the mouth and connected to a Mapleson 'A' circuit (Mapleson 1954) . Anesthesia, with spontaneous respiration, was maintained by flows of nitrous oxide and oxygen of 6 and 3 I/min respectively with halothane 0-5-1-0% throughout operation. Pre-operative blood samples were taken by femoral arterial puncture before premedication was given. During and after operation samples were taken from a cannula placed in the tadial artery. Samples were extracted anerobically into a heparinized syringe and immediately analysed for pH, Po2 and Pco2 by a Radiometer type AME 1 electrometer; pH by a capillary electrode, Po2 by a Radiometer Clark type electrode (Clark 1956 ) and Pco2 by the micro-equilibration technique of Andersen & Engel (1960) . Corrections Table 1 Mean values and standard deviations for Po2, Pco2 and pH in 12 patients 20 min after beginning 20 minafter end 45 min after end Before operation ofoperation ofoperation ofoperation Po, (mmHg) 86-7±10-5 106-8±15-7 75-2±8-1 80-1±6-1 Pco2 (mmHg) 36-0± 5 0 50 3± 6-4 43-4±5t3 39 4±4-9 pH 7-38 7-28 7-31 7-33
were not applied for saline-blood gradient or patient-electrode temperature differences, nor for barometric pressure. Radial arterial blood samples were taken twenty minutes after the induction of anesthesia and also twenty and forty-five minutes after the completion of surgery.
Results: The mean values for Po2 and Pco2 (together with standard deviations) and pH found in the samples are given in Table 1 . Statistical analysis of the oxygen and carbon-dioxide tensions showed that, compared with their preoperative values, oxygen tension was significantly higher during operation (t=3-45, P<O0O1) and just significantly lower twenty minutes after anmsthesia had been discontinued (t=2-6, P< 0-05). Carbon-dioxide tensions, compared to resting values, were very significantly raised during operation (t=5 8, P<0001) and still significantly raised twenty minutes after operation (t = 3-15, P <0 01). Forty-five minutes after operation neither oxygen nor carbon-dioxide tensions differed from their pre-operative values.
Discussion: The raised arterial oxygen tension during operation is to be expected in view of the high fraction of oxygen in the inspired gases (approximate Pio2=225 mmHg). However, the lowered pH and raised Pco2 values at the same time indicate that some degree of hypoventilation existed during operation. Twenty minutes after operation significantly lowered levels of Po2 and pH, together with a maintained elevation of the Pco2, point to a continuing hypoventilation after anxsthesia had ceased. The under-ventilation was largely corrected forty-five minutes after the patients had returned to the ward. It is likely that the immediate post-operative figures result from the absence of surgical stimuli in sedated and still anaesthetized patients and that the later improvement in ventilation follows a return to lighter levels ofconsciousness. It should be pointed out that, though the variations in oxygen and carbon-dioxide tension are significant statistically, the absolute valueswith one exceptionwould not give rise to clinical concern. The mean Po2 of 75-2 mmHg in the immediate post-operative period can be considered too low. The administration of 40% inspired oxygen for the first hour after operation seems to be indicated for ophthalmic patients.
Dr M H Armstrong Davison (The Royal Victoria Infirmary, Newcastle upon Tyne)
Heavy Sedation in Ophthalmic Surgery
Ingram and Armstrong Davison have already reported the methods used and results obtained in 2,000 cases of cataract extraction in which local analgesia was combined with a modification of the 'lytic' cocktail. Using stringent criteria, we considered the results good in 94 % of cases.
The introduction of droperidol for so-called neurolepsia led us to give this drug a trial in 95 cases: although results were good in 97 % of cases, the development of a panic state in 2 patients led to its abandonment. Since then we have reverted to a modification of our previous method, using morphine instead of pethidine in the pre-operative sedative and phenazocine intravenously in the operating theatre. The results have been so satisfactory that this paper is really a plea for the rediscovery of morphine in preference to the newer opioids.
